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FREQUENCY SYNTHESIZER AND RADIO 
TRANSMITTING APPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The disclosure of Japanese Patent Application No. 2008 
246624, ?led on Sep. 25, 2008, including the speci?cation, 
drawings and abstract, is incorporated herein by reference in 
its entirety. 

TECHNICAL FIELD 

The present invention relates to a frequency synthesizer 
that is used to generate transmission signals of a carrier fre 
quency band (i.e. radio band), and a radio transmitting appa 
ratus that uses the frequency synthesiZer. 

BACKGROUND ART 

Conventionally, a frequency synthesiZer is provided in 
radio equipment to up -convert modulated signals to generate 
transmission signals (i.e. radio signals) of a carrier frequency 
band. 
An example of such a frequency synthesiZer is disclosed in 

Patent Literature 1. MeanWhile, a frequency synthesiZer is 
referred to as “transmitting apparatus” in Patent Literature 1 
and therefore the apparatus disclosed in Patent Literature 1 
Will be referred to as “transmitting apparatus” beloW. FIG. 1 
shoWs a schematic con?guration of the transmitting appara 
tus disclosed in Patent Literature 1. As shoWn in FIG. 1, 
voltage control oscillator 1 (hereinafter “VCO 1”) that 
changes the output frequency according to input voltage, 
mixer 2 that doWn-converts the output F_out of VCO 1, phase 
comparator 3 that compares the phases of the output of the 
mixer and reference signal F_IF and outputs the phase differ 
ence (i.e. phase error), loop ?lter 4 that smoothes the output 
signal of phase comparator 3, and local signal generating 
circuit 5 that generates a local signal of mixer 2, are provided. 
A PLL (Phase-Locked Loop) circuit having a function of 
shifting a frequency in this Way using a mixer is referred to as 
“offset PLL.” 

Here, F_IF is, for example, a modulated signal of the IF 
(Intermediate Frequency) band generated in a quadrature 
modulator. F_IF is up -converted to the RF (Radio Frequency) 
band by PLL that controls VCO 1, and the up-converted 
transmission signal F_out of the RF band is outputted from 
VCO 1. The noise components of the modulated signal F_IF 
of the IF band are suppressed by frequency characteristics of 
PLL that controls VCO 1 and, consequently, the con?guration 
shoWn in FIG. 1 is generally used popularly in GSM mobile 
telephones and so on. 

Patent Literature 2 discloses a VCO frequency band 
sWitching-type frequency synthesiZer that uses a PLL circuit. 
FIG. 2 shoWs the con?guration of the frequency synthesiZer 
disclosed in Patent Literature 2. As shoWn in FIG. 2, PLL 
section 11, frequency band selecting circuit 12 that outputs a 
selection signal S for selecting and shifting the oscillation 
frequency band of VCO 13 in response to a shift signal SS, 
sampling circuit 14 that generates a sampling value CO 
acquired by supplying a ground voltage GND to VCO 13 at 
the oscillation frequency band that is selected ?rst and by 
sampling and counting a VCO output signal V0 for a certain 
period, comparing circuit 15 that compares the sampling 
value CO and an expected value EX and outputs a voltage 
control sWitch signal SV and the shift signal SS according to 
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2 
the comparison result and expected value register 16 that 
holds the expected value EX, are provided. 

FIG. 3 shoWs control voltage SC-versus-oscillation fre 
quency characteristics in VCO 13 in FIG. 2. In case Where 
VCO 13 is incorporated in an LSI, the distribution of element 
values makes the distribution of oscillation frequencies sig 
ni?cant. Therefore, as shoWn in FIG. 3, VCO 13 is con?gured 
to cover a Wide range of the oscillation frequency such that the 
oscillation frequency can be sWitched betWeen a plurality of 
frequency bands A to G. Then, When the frequency of the 
output signal V0 is sWitched, the output frequency fromVCO 
13 is measured in the counter circuit and an optimal frequency 
band is selected by frequency band selecting circuit 12 from 
a plurality of frequency bands shoWn in FIG. 3. 
Citation List 
Patent Literature 
PTL 1: Japanese Patent Application Laid-Open No. 2008 

109680 
PTL 2: Japanese Patent Application Laid-Open. No. 2001 

25 1 1 86 
PTL 3: US. Pat. No. 6,269,135 

SUMMARY OF INVENTION 

Technical Problem 

Here, VCO 1 used in the transmitting apparatus in FIG. 1 
may be con?gured in the same Way as VCO 13 in FIG. 2 to 
cover a plurality of frequency bands in FIG. 3 to suppress the 
distribution of the oscillation frequency (i.e. transmission 
signal frequency) due to the distribution of the elements pro 
duced When VCO 1 is integrated in an LSI. 

HoWever, in case Where a plurality of oscillation frequency 
bands are covered by VCO 1 and an optimal oscillation fre 
quency is selected from these plurality of oscillation bands in 
the con?guration in FIG. 1, there is a problem that poWer 
consumption in circuits increases. 

This problem Will be explained using a speci?c example 
beloW. A case Will be assumed here Where a command signal 
for commanding the transmitting apparatus in FIG. 1 to 
change the frequency (i.e. target frequency) of the transmis 
sion signal F_out to 1.91 [GHZ], is received from the base 
station. At this time, the local frequency F_local is set to 1.99 
[GHZ], and, after the operation of PLL stabiliZes, the output 
frequency from mixer 2 becomes 80 [MHZ] (:1.99 [GHZ] 
1 .91 [GHZ]). HoWever, in case Where VCO 1 covers the range 
of the oscillation frequency betWeen 1 .5 [GHZ] and 2.1 [GHZ] 
by means of a plurality of bands, When the frequency band of 
VCO 1 is selected and set, the output of mixer 2 changes in a 
Wide range betWeen —110 [MHZ] and 490 [MHZ]. Accord 
ingly, the maximum operation frequency of phase comparator 
3 that receives this output signal rises to 490 [MHZ], resulting 
in the increase in poWer consumption. 

Solution to Problem 

It is therefore an object of the present invention to reduce 
poWer consumption in a frequency synthesiZer that can selec 
tively set an output band of VCO. 

To achieve the above object, the present invention employs 
a con?guration Which includes: a voltage control oscillator 
that covers a plurality of selectable oscillation frequency 
bands and that oscillates a signal of a frequency matching a 
voltage applied to a control voltage terminal; a frequency 
converting circuit that has a mixer and a frequency divider 
connected With each other in parallel and that doWn-converts 
a frequency of an output signal of the voltage control oscil 



US 8,008,979 B2 
3 

lator using selectively one of the mixer and the frequency 
divider; a comparator that compares a signal outputted from 
the frequency converting circuit, With a reference signal, and 
outputs a comparison result signal; and a loop ?lter that 
smoothes the comparison result signal and outputs the 
smoothed signal to the control voltage terminal of the voltage 
control oscillator. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram shoWing a schematic con?gura 
tion of a transmitting apparatus disclosed in Patent Literature 
1; 

FIG. 2 is a block diagram shoWing a con?guration of a 
frequency synthesiZer disclosed in Patent Literature 2; 

FIG. 3 shoWs control voltage-versus-oscillation frequency 
characteristics in VCO; 

FIG. 4 is a block diagram shoWing a con?guration of a 
frequency synthesiZer according to Embodiment l of the 
present invention; 

FIG. 5 illustrates the operation of Embodiment 1; 
FIG. 6 shoWs an example of frequency characteristics in 

the frequency synthesiZer according to Embodiment 1; 
FIG. 7 shoWs an example of frequency characteristics com 

pared With Embodiment 1; 
FIG. 8 is a block diagram shoWing the con?guration of the 

frequency synthesiZer according to Embodiment 2; 
FIG. 9 is a connection diagram shoWing a con?guration 

example of a frequency-digital converting circuit; 
FIG. 10 illustrates the operation of the frequency-digital 

converting circuit; 
FIG. 11 is a block diagram shoWing the con?guration of the 

frequency synthesiZer according to Embodiment 3; 
FIG. 12 shoWs an example of frequency characteristics in 

the frequency synthesiZer according to Embodiment 3; 
FIG. 13 is a block diagram shoWing the con?guration of the 

frequency synthesiZer according to Embodiment 4; and 
FIG. 14 is a block diagram shoWing a con?guration of a 

radio transmitting apparatus according to Embodiment 5. 

DESCRIPTION OF EMBODIMENTS 

Embodiments of the present invention Will be explained in 
detail beloW With reference to the accompanying draWings. 

Embodiment 1 

FIG. 4 shoWs the con?guration of a frequency synthesiZer 
according to Embodiment l of the present invention. Fre 
quency synthesiZer 100 of the present embodiment employs 
an offset PLL con?guration having a function of shifting a 
frequency using a mixer. Frequency synthesiZer 100 is pro 
vided in, for example, the transmitting section of a terminal. 
Although a case Will be explained beloW Where frequency 
synthesiZer 100 is provided in the transmitting section of a 
terminal, the frequency synthesiZer of the present invention is 
not limited to terminals and is Widely applicable to various 
radio equipment. 

Frequency synthesiZer 100 includes VCO 101 that oscil 
lates a signal of a frequency matching the voltage applied to 
a control voltage terminal; frequency converting circuit 110 
that doWn-converts the frequency of the output signal F_out 
of VCO 101; phase comparator 102 that compares the signal 
outputted from frequency converting circuit 110 and the ref 
erence signal F_IF and outputs a comparison result signal; 
loop ?lter 103 that smoothes the comparison result signal and 
outputs the smoothed signal to the control voltage terminal of 
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4 
VCO 101; local signal generating circuit 104 that generates a 
local signal F_local used in frequency converting circuit 110; 
and VCO frequency band sWitch control circuit 105. In fre 
quency synthesiZer 100, VCO 101, frequency converting cir 
cuit 110, phase comparator 102 and loop ?lter 103 form PLL. 

Phase comparator 102 receives as input the F_IF signal as 
the reference signal. This F_IF signal is, for example, a modu 
lated signal of the IF (Intermediate Frequency) band gener 
ated in a quadrature modulator. The F_IF signal is up-con 
verted to the RF (Radio Frequency) band by PLL that controls 
VCO 101, and the up-converted transmission signal F_out of 
the RF band is outputted from VCO 101. The noise compo 
nents of the modulated signal F_IF of the IF band are sup 
pressed by frequency characteristics of PLL that controls 
VCO 101. 
VCO 101 is con?gured to select one of n frequency bands 

(hereinafter “bands”) according to a band selection signal S4 
received as input in a frequency band selecting terminal. Such 
a con?guration of VCO that can select one band from a 
plurality of bands is disclosed in, for example, Patent Litera 
ture 2 and is knoWn, and therefore explanation thereof Will be 
omitted. 

Frequency converting circuit 110 has mixer 111 and fre 
quency divider 112 connected With each other in parallel, and 
doWn-converts the output signal of VCO 101 using selec 
tively one of mixer 1 1 1 and frequency divider 1 12. To be more 
speci?c, depending on Which side sWitch 113 and sWitch 114 
are connected With, Which one of mixer 111 and frequency 
divider 112 is used is selected. That is, sWitch 113 and sWitch 
114 are connected With the mixer 111 side When mixer 111 is 
used, and are connected With the frequency divider 112 side 
When frequency divider 112 is used. Switching control for 
sWitches 113 and 114 is performed according to a sWitching 
control signal S3 from VCO frequency band sWitch control 
circuit 105. 

Local signal generating circuit 104 is formed using a PLL 
circuit that has, for example, VCO, a frequency divider, phase 
comparator and loop ?lter, and can generate a local signal of 
a desired frequency. Local signal generating circuit 104 out 
puts the generated local signal F_local to mixer 111. 
When receiving as input a frequency sWitch start signal S1 

transmitted from the base station, VCO frequency sWitch 
control circuit 105 controls frequency synthesiZer 100 in 
frequency band selecting mode. To be more speci?c, When 
receiving the frequency sWitch start signal S1 as input, VCO 
frequency band sWitch control circuit 105 connects a fre 
quency divider betWeen VCO 101 and phase comparator 102 
by means of the sWitching control signal S3 (see the state in 
FIG. 4). By contrast With this, When deciding that the fre 
quency band selection is ?nished (that is, When deciding that 
the frequency band of the output signal F_out of VCO 101 
settles in the target band), VCO frequency band sWitch con 
trol circuit 105 connects mixer 111, instead of frequency 
divider 112, betWeenVCO 101 and phase comparator 102, by 
means of the sWitching control signal S3. 

Further, VCO frequency band sWitch control circuit 105 
receives as input target frequency information S2 transmitted 
from the base station, compares this target frequency infor 
mation S2 and the frequency of the output signal F_out of 
VCO 101, and outputs the band selection signal S4 matching 
the comparison result, to the band selecting terminal of VCO 
101. By this means, the band of the output signal F_out of 
VCO 101 is set to cover the target frequency. MeanWhile, the 
operation of performing more ?ne adjustment of the fre 
quency of the output signal F_out to the target frequency in 
the set band, is performed by the lock operation of PLL using 
mixer 111. 
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Further, according to the communication situation With 
each terminal, the base station transmits control signals (i.e. 
frequency sWitch start signal S1 and target frequency infor 
mation S2) for commanding each terminal to change the 
transmission frequency band. These control signals that com 
mand to change the transmission frequency band are trans 
mitted, for example, When a cell to Which a terminal belongs 
changes or When the received electric ?eld intensity of the 
frequency band that is currently used, becomes little. In case 
of, for example, the GSM scheme, the frequency band is 
usually changed at intervals of several hundred microsec 
onds. 

Next, the operation of frequency synthesiZer 100 of the 
present embodiment Will be explained using the timing chart 
in FIG. 5. 
When VCO frequency band sWitch control circuit 105 

receives as input the frequency sWitch start signal S1 from the 
base station at time point t1, frequency synthesiZer 100 starts 
the frequency band selection operation of VCO. After fre 
quency synthesiZer 100 starts the frequency band selection 
operation of VCO at time point t1, VCO frequency band 
sWitch control circuit 105 places the sWitching control signal 
S3 in a high state such that frequency divider 112 is used in 
frequency converting circuit 110. 

In a state Where frequency divider 112 is selected in this 
Way, frequency synthesiZer 100 ?nishes the frequency band 
selection operation after VCO frequency band sWitch control 
circuit 105 performs a control to sequentially sWitch the band 
of VCO 101 by means of the band selection signal S4 and 
selects a band that covers the target frequency. 

Further, although, With the present embodiment, a fre 
quency sWitch start timing is detected using the frequency 
sWitch start signal S1, the frequency sWitch start timing may 
be detected based on the timing target frequency information 
S2 sWitches. Consequently, it is possible to carry out the same 
processing as the present embodiment Without using the fre 
quency sWitch start signal S1. 

FIG. 5 shoWs an example of band selection Where the 
frequency band of VCO 101 is made closer to the target 
frequency using the binary search algorithm. A band is 
selected at each time point t1 to t5 using the binary search 
algorithm and the band that covers the target frequency is 
selected at time point t5. 

In frequency synthesizer 100, When VCO frequency band 
sWitch control circuit 105 determines the frequency band that 
covers the target frequency, VCO frequency band sWitch con 
trol circuit 105 places the sWitching control signal S3 in a loW 
state such that mixer 111 is used in frequency converting 
circuit 110. 

In a state Where mixer 111 is selected in this Way (after time 
point t6), frequency synthesiZer 100 enters the normal opera 
tion of synchronizing the frequency of PLL With the target 
frequency and stabiliZes at the target frequency ?nally. 

FIG. 6 shoWs an example of the frequency in frequency 
synthesiZer 100 according to the present embodiment. Fur 
ther, FIG. 7, assigning the same reference numerals to the 
same components as in FIG. 6, shoWs an example of the 
frequency in case Where frequency divider 112 is not pro 
vided, compared With the present embodiment. 

First, the frequency in FIG. 7 Which is compared With the 
present embodiment Will be explained. FIG. 7 shoWs a case as 
an example Where the target frequency is 1.91 [GHZ], the 
local frequency is 1.99 [GHZ] and the range of the oscillation 
frequency of VCO 101 is betWeen 1.5 [GHZ] and 2.1 [GHZ]. 
Here, the output frequency of When PLL is stable is 80 [MHZ] 
(:1.99 [GHZ]-1.91 [GHZ]). By contrast With this, When the 
frequency band of VCO 101 is selected, the output of mixer 
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6 
111 changes in a Wide range betWeen —1 10 [MHZ] and 490 
[MHZ]. Therefore, the maximum operation frequency of 
phase comparator 102 that receives this output signal rises to 
490 [MHZ], resulting in the increase in poWer consumption. 
By contrast With this, even under the same condition as in 

FIG. 7 Where the division ratio of frequency divider 112 is 16, 
the target frequency is 1.91 [GHZ], the local frequency is 1.99 
[GHZ] and the range of the oscillation frequency of VCO 101 
is betWeen 1.5 [GHZ] and 2.1 [GHZ] as shoWn in FIG. 6, 
frequency synthesiZer 100 according to the present embodi 
ment suppresses the input frequency in phase comparator 102 
up to about 130 [MHZ] at maximum by using frequency 
divider 112 (Where the division ratio is 16 With the example in 
FIG. 6) instead of mixer 111 upon frequency band selection. 
In this Way, it is possible to reduce the maximum operation 
frequency of phase comparator 102 and, consequently, 
reduce poWer consumption. 

Further, although a case has been explained With FIG. 7 as 
an example Where the division ratio P is 16, the division ratio 
P is not limited to 16. 

As described above, according to the present embodiment, 
mixer 111 and frequency divider 112 connected With each 
other in parallel are provided in frequency converting circuit 
110 and frequency divider 112 is used upon frequency band 
selection in VCO 101, so that it is possible to reduce the 
maximum operation frequency of phase comparator 102 
upon frequency band selection in VCO 101, and, conse 
quently, reduce poWer consumption. 

Embodiment 2 

FIG. 8, assigning the same reference numerals to the same 
components as in FIG. 4, shoWs the con?guration of the 
frequency synthesiZer according to the present embodiment. 
Frequency synthesiZer 200 differs from synthesiZer 100 in 
FIG. 4 in having: frequency-digital converting circuit 201 that 
performs digital conversion of the output frequency from 
frequency converting circuit 110; and clock generating circuit 
202 that generates an operation clock of frequency-digital 
converting circuit 201, and in having frequency comparator 
203 instead of phase comparator 102. 

Information about the frequency of a signal outputted from 
frequency converting circuit 110 is digitiZed by frequency 
digital converting circuit 201, and is received as input in 
frequency comparator 203. Frequency comparator 203 com 
pares information about the frequency of the signal outputted 
from frequency-digital converting circuit 201 With the fre 
quency of the reference signal F_IF, and outputs a comparison 
result signal shoWing the frequency difference (also referred 
to as “frequency error”), to loop ?lter 103. Here, in frequency 
synthesiZer 200 according to the present embodiment, fre 
quency-digital converting circuit 201, frequency comparator 
203 and loop ?lter 103 are con?gured by digital circuits, and 
are made a digital frequency-locked-loop con?guration as a 
Whole. 
The essential requirement is that frequency-digital con 

ver‘ting circuit 201 is con?gured as disclosed in, for example, 
Patent Literature 3. FIG. 9 shoWs the con?guration of the 
frequency-digital converting circuit disclosed in Patent Lit 
erature 3. The frequency-digital converting circuit in FIG. 9 
has a plurality of ?ip ?ops Q1 to Q6 connected in cascade, and 
NAND gates N1 to N3. By inputting the output signal of 
frequency converting circuit 110 as a clock signal Fx and 
inputting a clock signal from clock generating circuit 202 as 
a clock signal Fs in the con?guration in FIG. 9, NAND gate 
N3 can output digitiZed frequency information. 
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FIG. 10 shows the operation of the frequency-digital con 
verting circuit in FIG. 9. If there is a rising edge of the clock 
signal Fx in one cycle of the clock signal Fs, 1 is outputted 
from NAND gate N3, and, if there is not a rising edge of the 
clock signal Fx in one cycle of the clock signal Fs, 0 is 
outputted from NAND gate N3. That is, if the frequencies of 
the clock signal Fs and clock signal Fx are the same, 1 is 
outputted from NAND gate N3 at all times and, if the fre 
quency of the clock signal Fx is Zero, 0 is outputted from 
NAND gate N3 at all times.Accordingly, When the number of 
1 ’s is greater, the digital value outputted from NAND gate N3 
means that the clock signal Fx (i.e. output signal of frequency 
converting circuit 110) is closer to the frequency of the clock 
signal Fs. As described above, frequency-digital converting 
circuit 201 can output digital values that represent frequen 
cies by values from 0 to Fs. Practically speaking, frequency 
digital converting circuit 201 outputs digitiZed frequency 
information to frequency comparator 203 through a digital 
?lter for reducing conversion errors. 

According to frequency synthesiZer 200 of the present 
embodiment, even in the digital frequency-locked-loop con 
?guration having frequency-digital converting circuit 201 
and frequency comparator 203, mixer 111 and frequency 
divider 1 12 connected With each other in parallel are provided 
in frequency converting circuit 1 10 and frequency divider 1 12 
is used upon frequency band selection in VCO 101 similar to 
Embodiment 1, so that it is possible to reduce the input 
frequency from frequency converting circuit 110 to fre 
quency-digital converting circuit 201 and the output fre 
quency from clock generating circuit 202 upon frequency 
band selection in VCO 101 and, consequently, reduce poWer 
consumption. 

Embodiment 3 

FIG. 11, assigning the same reference numerals to the same 
components as in FIG. 4, shoWs the con?guration of the 
frequency synthesiZer according to the present embodiment. 
Frequency synthesiZer 300 differs from frequency synthe 
siZer 100 in FIG. 4 in the con?guration of frequency convert 
ing circuit 310. 

Frequency converting circuit 310 according to the present 
embodiment provides frequency divider 311 that can sWitch 
the division ratio betWeen 1 and L (Where L is an integer equal 
to or greater than 2), betWeen VCO 101 and mixer 111. 
Further, frequency converting circuit 310 provides frequency 
divider 312 that can sWitch the division ratio betWeen I and M 
(Where M is an integer equal to or greater than 2), betWeen 
mixer 111 and local signal generating circuit 104. 

In frequency dividers 311 and 312, the division ratios are 
controlled to 1 upon frequency band selection in VCO 101 
according to the sWitching control signal S3 from VCO fre 
quency band sWitch control circuit 105, and are controlled to 
L and M in cases other than frequency band selection in VCO 
101 (that upon transmission). Further, the operation timings 
are the same as in FIG. 5. 

FIG. 12 shoWs an example of the frequency in frequency 
synthesiZer 300 according to the present embodiment. FIG. 
12 shoWs a case as an example Where the target frequency 
1.91 [GHZ], the local frequency is 1.99 [GHZ] and the range 
of the oscillation frequency ofVCO 101 is betWeen 1.5 [GHZ] 
and 2.1 [GHZ]. By controlling the division ratios in frequency 
dividers 311 and 312 to 8 upon frequency band selection, it is 
possible to suppress the input frequency of phase comparator 
102 up to about 60 [MHZ] at maximum, and, consequently, 
reduce poWer consumption. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
According to the present embodiment, frequency divider 

311 that can sWitch the division ratio betWeen 1 and L (Where 
L is an integer equal to or greater than 2) is provided betWeen 
VCO 101 and mixer 111 and frequency divider 312 that can 
sWitch the division ratio betWeen 1 and M (Where M is an 
integer equal to or greater than 2) is provided betWeen mixer 
111 and local signal generating circuit 104, and the division 
ratios in frequency dividers 311 and 312 are sWitched to 
integers equal to or greater than 2 upon frequency band selec 
tion in VCO 101, so that it is possible to reduce poWer con 
sumption. 

Embodiment 4 

FIG. 13, assigning the same reference numerals to the same 
components as in FIG. 11 and FIG. 8, shoWs the con?guration 
of the frequency synthesiZer according to the present embodi 
ment. Frequency synthesiZer 400 differs from frequency syn 
thesiZer 300 in FIG. 11 in having: frequency-digital convert 
ing circuit 201 that performs digital conversion of the output 
frequency from frequency converting circuit 310; and clock 
generating circuit 202 that generates the operation clock of 
frequency-digital converting circuit 201, and in having fre 
quency comparator 203 instead of phase comparator 102. 
The con?gurations of frequency-digital converting circuit 

201 and frequency comparator 203 have already been 
explained With Embodiment 2, and therefore explanation 
thereof Will be omitted. 

According to frequency synthesiZer 400 of the present 
embodiment, even in the digital frequency-locked-loop con 
?guration having frequency-digital converting circuit 201 
and frequency comparator 203, frequency divider 311 that 
can sWitch the division ratio betWeen 1 and L (Where L is an 
integer equal to or greater than 2) is provided betWeen VCO 
101 and mixer 111 and frequency divider 312 that can sWitch 
the division ratio betWeen 1 and M (Where M is an integer 
equal to or greater than 2) is provided betWeen mixer 111 and 
local signal generating circuit 104, and the division ratios in 
frequency dividers 311 and 312 are sWitched to integers equal 
to or greater than 2 upon frequency band selection in VCO 
101 similar to Embodiment 3, so that it is possible to reduce 
the input frequency from frequency converting circuit 310 to 
frequency-digital converting circuit 201 and the output fre 
quency from clock generating circuit 202 upon frequency 
band selection in VCO 101, and, consequently, reduce poWer 
consumption. 

Embodiment 5 

FIG. 14 shoWs the con?guration of a radio transmitting 
apparatus mounting the frequency synthesiZer according to 
one of Embodiments 1 to 4. Radio transmitting apparatus 500 
has: frequency synthesiZer 100 (200, 300, 400) according to 
one of Embodiments 1 to 4; modulating section 501 that 
forms modulated signals from transmission data; ampli?er 
502 that ampli?es the transmission signals F_out of the RF 
band acquired in frequency synthesiZer 100 (200, 300, 400); 
and antenna 503 that transmits the ampli?ed signals. 
As described above, radio transmitting apparatus 500 is 

con?gured by mounting the frequency synthesiZer according 
to the present invention, so that it is possible to reduce poWer 
consumption. As a result, When radio transmitting apparatus 
500 is mounted in, for example, a mobile terminal, it is 
possible to realiZe a small mobile terminal that can be used for 
a long time. 
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The invention claimed is: 
1. A frequency synthesizer comprising: 
a voltage control oscillator that covers a plurality of select 

able oscillation frequency bands and that oscillates a 
signal of a frequency matching a voltage applied to a 
control voltage terminal; 

a frequency converting circuit that comprises a mixer and a 
frequency divider connected With each other in parallel 
and that doWn-converts a frequency of an output signal 
of the voltage control oscillator using selectively one of 
the mixer and the frequency divider; 

a comparator that compares a signal outputted from the 
frequency converting circuit, With a reference signal, 
and outputs a comparison result signal; and 

a loop ?lter that smoothes the comparison result signal and 
outputs the smoothed signal to the control voltage ter 
minal of the voltage control oscillator, Wherein: 

the frequency converting circuit uses the frequency divider 
While an oscillation frequency band selection operation 
of the voltage control oscillator is executed, and uses the 
mixer When an oscillation frequency band of the voltage 
control oscillator covers a target frequency. 
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2. The frequency synthesizer according to claim 1, Wherein 

the frequency converting circuit uses the frequency divider 
When the oscillation frequency band of the voltage control 
oscillator is selected. 

3. The frequency synthesizer according to claim I, Wherein 
the comparator comprises a phase comparator, and compares 
a phase of the signal outputted from the frequency converting 
circuit, With a phase of the reference signal, and outputs the 
comparison result signal shoWing a phase difference. 

4. The frequency synthesizer according to claim 1, further 
comprising a frequency-digital converting circuit that per 
forms digital conversion of a frequency of the signal output 
ted from the frequency converting circuit, Wherein 

the comparator comprises a frequency comparator, and 
compares information about a frequency of the signal 
outputted from the frequency-digital converting circuit, 
With a frequency of the reference signal, and outputs the 
comparison result signal shoWing a frequency differ 
ence. 

5. A radio transmitting apparatus comprising the frequency 
synthesizer according to claim 1. 

* * * * * 


